Various equations for the determinations of total chlorophyll and individual amounts of chlorophylls a and b in extracts from plant tissues exist (see Holden, 1976 ) and some of them (e.g. Arnon, 1949) are widely used. Additional modifications to the equations have also been developed so as to permit an estimate of total carotenoids to be made from the spectrum of the same mixture in diethyl ether (Ziegler & Egle, 1965; Gaudillire, 1974) .
During the course of studies that involved the use of various solvents we noted large discrepancies (>40%) between estimations made using the different published equations for particular solvents, all of which were known to contain the same amount of pigments. Taking advantage of a t.1.c. method (Lichtenthaler 8t Pfister, 1978) that permits a distinct separation of the two chlorophylls and also the major carotenoids using light petroleum (b.p. 40-6O0C)/dioxane/propan-2-ol (7 :3 : 1, by vol.) as developing solvent, fresh samples of chlorophyll a and b uncontaminated with each other were readily available for re-evaluation of the published specific absorption coefficients.
Those values published by Smith & Benitez (1955) , using diethyl ether, were found to be still the most acceptable, and relative specific absorption coefficients to these values were established (Table 1) for various other solvents. The red peak maxima of the chlorophylls were shifted to longer wavelengths with increasing polarity of the solvents; in our case diethyl ether, acetone, 80% (v/v) acetone, 96% (v/v) ethanol and methanol. The red absorption peaks of the chlorophylls were also broadened in the same sequence and the values for the specific absorption coefficients decreased. At the same time suitable values for total carotenoids at 470nm were also determined. On the basis of these coefficients the following equations were derived to determine the individual levels of both chlorophyll a (C,) and chlorophyll b (C,) and the total amounts of carotenoids (Cx+c) and chlorophylls (C,+ C,) 
Each formula was tested against each other and also with the original published equations using the same amounts of total leaf pigments in different solvents. The variation between determinations using the formulae above was reduced below 5% across the five different solvents and within the experimental (Wintermans C de Mots, 1965) were also to be found quite accurate, whereas those for methanol (Vishniac, 1957 ) are particularly poor. There is a considerable difference between the spectroscopic properties of 80% (v/v) acetone and pure dry acetone, which is reflected in the two equations we now provide. One of the reasons why the method of Arnon (1 949), using 80% (v/v) acetone, is prone to inaccuracy is because the specific absorption coefficients were originally taken from Mackinney (1 94 l), who used pure acetone. The coefficients given in Table 1 represent mean values from measurements performed with two recording spectrophotometers, a Shimadzu UV 200 and a Unicam SP 8000. However, there are variations in spectrophotometer response, especially in the relative height of the absorption in the blue-green as compared with that in the red region, as well as a shift of the peak maxima of chlorophylls of between 0.5 to 1 nm. By using pure chlorophyll a and b solutions prepared in the manner described, the values at 470nm and at the peak maximum of the other relative to the specific absorption coefficient at the peak maximum given in Table 1 can be re-adjusted, if necessary, for any spectrophotometer.
A microcomputer program written in BASIC that allows selection of solvent and the use of these different formulae has been provided to the members of The Biochemistry Microcomputer Group. Although plant tissue culture has been used extensively to study many aspects of plant metabolism (Street, 1973) , comparatively little work has been carried out concerning the production of secondary compounds under such conditions. In particular little information is available concerning the synthesis, interconversion and accumulation of mono-and sesquiterpenes by cultures of higher plants (Charlwood C Banthorpe, 1978) . Progress in this area would have great significance with respect to the commercial production of essential oil components used in perfumery, in the food industry and in pharmaceuticals, and may also provide an urgently needed technique for the further study of the modes of biosynthesis, regulation and accumulation of these natural products. Here we report our preliminary results concerning the production of monoterpenes in callus and liquid suspension cultures of various species of plants in the families Labiatae and Geraniaceae.
The biosynthesis of mono-
Callus cultures were initiated from young plants using the system described in Table 1 . Further subcultures were carried out on Murashige C Skoog (1962) medium containing sucrose (3%), agar (l%), 2,4-dichlorophenoxyacetic acid (O.OO0 1%) and kinetin (0.00002%). A nine-fold increase in the wet weight of callus was typically achieved after 3 weeks incubation under subdued illumination at 27OC. Transfer to liquid suspension culture was effected by dispersing 1 g wet weight of cells in 25 ml of the above medium but without the agar.
Terpene accumulation by cultured cells was determined by extracting homogenized, fresh cells (2 g) with dichloromethane (10ml) for 2 h at room temperature. The supernatant was passed through a small column of magnesium oxide and concentrated to 1 ml prior to analysis by t.1.c. Preparative radially-accelerated t.1.c. followed by Fourier transform i.r. spectroscopy was utilized to confirm the identity of the terpene components.
Under the above experimental conditions, large, white friable callus cultures are obtained very rapidly from leaf, apical shoots and stem material from Pelargonium variants. Since such variants accumulate monoterpenes of commercial interest that are not normally associated with the genus Pelargonium (for example citral, citronellol, limonene, menthol, menthone and pinenes), the techniques described here provide a ready source of material for the systematic screening of terpene accumulation under tissue culture conditions.
It is more difficult to obtain suitable calluses from Mentha species and from Umbelliferous plants. Cell lines have been obtained from Mentha aquatica, M. citrata, M . longifolia, M. pulegium, M . spicata, M . suaveolens, M . troyleana and the hybrid M. spicata x suaveolens. The qualitative and quantitative accumulation of monoterpenes is found to be very variable both between taxa and between different cell lines from the same Table 1 . Composition of medium for the initiation of callus cultures from Pelargoniurn variants Plant material was sterilized in 3% v/v 'Domestos' (5min) and ethanol (3min), and washed five times with sterile water prior to dissection. Explants were incubated on the medium at 27OC in the dark, and the initial, callus growths were subcultured on similar medium after 14 days. 
